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[57] ABSTRACT 

A first slit aperture means is formed in a first sheet 
metal portion and first protruding leg means is formed 
from the excess metal froih the first slit aperture 
means. A second slit aperture means is formed in a 
second sheet metal portion and second protruding leg 
means is formed from the excess metal from the 
second slit aperture means. The sheet metal portions 
are then positioned so that a surface of the second 
sheet metal portion is contiguous to a surface of the 
first sheet metal portion and so that the second leg 
means extends through the first slit aperture means. 
The leg means are then crimped to sandwich the 
second leg means between the first leg means and a 
surface of the first sheet metal portion and to sand- 
wich a portion of the first sheet metal portion between 
the second leg means and a surface of the second 
sheet metal portion to form the completed joint. 

12 Claims, 13 Drawing Figures 
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• 1 'a' . 

METHOD AND APPARATUS FOR JOINING SHEET of legs which can be fitted into the slit apertures formed 

METAL. AND SHEET METAL JOINTS in the other sheet. Thereafter, the joint is crimped so as 
this mvention relates to metal joints, and particularly to sandwich the legs formed from the slits in the one 
to a method and apparatus for joining two metal sheets sheet between the legs formed from the slits of the 

together, and to the completed joint. The present in- 5 other sheet and the other sheet itself, and to crimp the 

vention .s particularly useful for joinmg edges of sheet „etal adjacent to the slits in said other sheet in the sUt 

metal to form a tube such as that which might be used . formed in said one sheet. 

as furnace pipe One feature of the present invention resides in the 

Heretofore, sheet meta such as sheet alummum fac fh^t the joinder of the two sheets may be accom- 

n!l *V f^T'' « operation wherein the slits are 

of!j! ^ TT' V"? w "T"*".^ '^'u f"™"'*' ^ fi^' '''-8«. thereafter aligned in a 

ing method, the sheets to be joined are provided with stage 

Ltth^/riu"!' tt*%r^'°" 1 ^ °f P^^^-^ '"mention resides in 

and the sheets a e thereafter overlapped and the aper- .^e provision of apparatus for forming the slits in the 

lrcld"il ^hHSi: """^h "''rH • h"'*" r ^ ^ joined which apparatus Aereafter align! 

placed in the apertures so that opposite heads on the *|,^ ^utc a«H #1,^ i™. ^l!^ *u r* .t. • 

rivets hold the Sheets together tol™ the completed J^rfo^^*;^^^^^^^^ 

joint. One disadvantage to the use of rivets resides in a ♦u^ r * * *u . • . . 

ihe fact that a small amount of metal is wasted when the ? thif " fl. °H f ^^^^^"^ 

the hole or aperture is bored through the sheets to ac ^.^ cL^tc t k'"" T 

commodate the rivet. Furthermore, occasionally the ^^''^^ r . ^ spaced-apart joints m 

opposite heads of each rivet do not fully bear against aj^^^rf';" /ith the present invention which are 

opposite surfaces of the joint so that fluid leakage 35 tSete*" of the junction of 

through the joint, and also between the joints, might ^uL ^ .u r . r 

occur. Furthermore, the increased expense represented , The above and other features ^ 

by the rivets and special tools for handling them render fj^"^ understood from the following detailed descnp- 

their use costly tion and the accompanying drawings, in which: 

In the "crimp and roll'- method, one edge of each ,0 • ^ perspective Wew of a portion of furnace 

sheet to be joined is rolled over to form a U-shaped P>Pe having a seam formed by joints m accordance with 

edge, and the two U-shaped edges are interlocked. The ^he presently preferred embodiment of the invention; 

joint is then crimped so that the U-shaped portions bear , ^^^^ ^ I y*^^^ in 

against each other thereby forming a seam along the ^^e respective sheets to be joined; 

Joint between the two metal sheets. One advantage to 35 J^^' ^^^S. 2 and 3 showing 

the "crimp and roll" method resides in the fact that the sheets aligned m position to be crimped; . . 

there is no wasted metal and a substantially complete ^ section view as in FIG. 4 showing the 

fluid seal is provided at the joint. However, the succes- completed joint in accordance with the presently 

sive steps of rolling each edge to be joined, thereafter preferred embodiment of the present invention, FIG. 5 
joining the edges and thereafter crimping the joint is 40 hemg taken at line 5-5 in FIG. 1; 

relatively expensive and can only be accomplished by . '^^GS. 6 and 7 are planar elevations of the completed 

complicated and expensive machinery. i°*"t taken at lines 6—6 and 7—7, respectively, in FIG. 

In the "burring" method, the two sheets to be joined 

are overlapped and a hole is punched through both 8 is a side view elevaftion partly in cutaway 
sheets so that the burr comprising the excess metal 45 cross-section, of apparatus for forming thigf slits in two 

from the hole ofone sheet grips the hole formed in the sheets to be joined; 

other sheet. An inherent disadvantage in the "burring" ^ ^ ^^^^^ view elevation of the apparatus illus- 

method resides in the fact that a hole is left through *^*ted in FIG. 8, FIG. 8 being taken at line 8—8 in FIG. 
both sheets so that the joint is not fluid tight. 

The present invention provides a joint between two 50 FIG, 10 is a schematic diagram of apparatus and the 

metal sheets in fluid sealing relation. The process can operation of the apparatus for forming the joint in ac- 

be accomplished in a continuous operation so that the cordance with the presently preferred embodiment of 

metal sheets can be advanced through a machine which the present invention; and 

forms and completes the joint and the finished product FIGS. 11, 12 and 13 are section views of successive 

may be removed from the machine. stages of the operation of the apparatus illustrated in 

It is an object of the present invention to provide a P^G- taken at lines 11—11, 12—12 and 13—13 in 

joint for mechanically holding several sheets of metal, P'G. 10, respectively. 

which joint can be manufactured in a continuous I^eferring to the drawings, and particularly to FIG. 1, 

operation without wasted metal, and provides a fluid there is illustrated a furnace pipe 20 having a seam 

seal between the sheets. formed by joints in accoTdance with the presently 

Another object of the present invention is to provide preferred embodiment of the invention. Pipe 20 may be 

a method and apparatus for joining sheet metal constructed of a sheet of suitable tin, aluminum or 

together to form a fluid sealing joint, and which can be . steel, or the like. Pipe 20 includes overlapping portions 
accomplished in a continuous operation. ^^21 and 22 which together form a seam for pipe 20. The 

In accordance with the present invention, the sheets overlapping portions arc sometimes referred to as 

to be joined arc provided with slit apertures, the excess "sheets," even Ihoujgh they are parts of the same piece 

metal from one set of slits in one sheet forming one set of material. 
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As illustrated particularly in FIG. 2, portion 21 is ; Follower wheel 47 is joumaled to housing 41 and is 
provided with a pair of slits 23 and 24, the excess metal adapted to rotate about axis 48 in the direction of 
from slits 23 and 24 forming legs 25 and 26, respective- arrow 49. Follower wheel 47 includes a substantially in- 
ly. Likewise, as illustrated in FIG. 3 slits 27 and 28 are verted U-^haped portion 63 about its circumference to 
provided in portion 22 to form legs 29 and 30 from the 5 match with cutting heads 45 to receive and form legs 
excess metal from^the respective slite. Legs 25 and 26 25 and 26 from the excess metal from slits 23 and 24, 
form a continuous section ofmetal between slits 23 and and includes a pair pf annular grooves 64 and 65 
24 to define a substantially U-shaped section, each leg separated by cylindrical portion 66 to form a substan- 
of the U forming a separate leg 25, 26. Likewise, legs tially inverted trough-shaped portion about the circum- 

29 and 30 form a continuous section of metal between 10 ference of wheel 47 to. match with cutting heads 46 to 
slits 27 and 28 to defme a trough-shaped section having receive and form legs 29.and 30 from the excess metal 
a lower flat portion 62 in substantially the same plane from slits 27 and 28. 

as the top surface of portion 22, each leg of the trough In the operation of the cutting apparatus illustrated 

section forming a separate leg 29. 30. The lateral in FIGS. 8 and 9, the sheet metal portions 21 and 22 are 

distance between the extreme edges of slits 27 and 28 is *^ simultaneously fed in the direction of arrow 50, The 

greater than the lateral distance between the extreme edges of sheets 21 and 22 abut a shoulder or. raised 

edges of slits 23 and 24, and legs 29 and 30 arc so cylindrical portion 67 on wheel 47 whose edges act as • 

disposed as that legs 29 and 30 can extend through slits alignment means to align the sheets during the cutting 

23 and 24 so that the upper most portion of legs 29 and operation. Cutting wheel 40 is driven in the direction of 

30 protrude above the level of surface 31 of plate 21. arrow 44, thereby moving sheets 21 and 22 forwardly 
Slits 23 atid 24, and the respective legs 25 and 26, are to continuously rotate heads 45 and 46 to punch or cut 
disposed in a substantially parallel, side-by-side rela- the respective slits in portions 21 and 22. The legs are 
tion. relative to the longitudinal direction of the seam. bent from the excess metal from the slits by the legs of 

After slits 23. 24, 27 and 28 have been formed in 25 the respective cutting head. As a result, portions 21 and 

portions 21 and 22, legs 29 and 30 are fitted in slits 23 22 are provided with matable slits and legs as illustrated 

and 24, respectively, so as to extend through the slits in FIGS. 2 

and the upper most portion of legs 29 and 30 protrude The slits and legs are provided in two parallel **- 

above surface 31 of portion 21, as shown in FIQ. 4. tracks", one "track" comprising slits 24 and 28 and 

Thereafter.. and as illustrated particularly in FIG. 5, the 30 legs 26 and 30, and the other "track" comprising slits 

. junction is crimped, thereby bending legs 25, 26. 29 23 and 27 and legs 25 and 29; all of which arc repeated 

arid 30 to sandwich leg 29 between leg 25 and the as shown in FIG. 1. .. 

' upper surface 31 of portion 32 of sheet metal portion With reference to FIGS. 10-13. the operation of the 

21 adjacent slit 23, to sandwich leg 30 between leg 26 continuous feed of cutting and crimping apparatus can 

and the upper surface 31 of portion 33 of sheet metal 35 be described in detail. In the left hand portion of FIG. 

portion 2 1 adjacent slit 24 of portion 33 of sheet metal 10, a sheet of metal is rolled into the general shape 6T 

portion 21 adjacent slit 24, to sandwich portion 32 in pipe 20. and the edges later to be overlappeti arft" 

slit 27 between leg 29 and portion 34 of sheet metal spaced slightly apart (FIG. 11) so that the, edges may be 

portion 22, and to sandwich portion 33 of portion 21 fed into the cutter mechanism illustrated generally at 

between leg 30 and portion 35 of sheet metal portion 40 51 and shown and described in detail with respect to 

22. The resulting joint is illustrated in elevation in FIG. 9, A plurality of rollers 52 are provided about the . 

FIGS. 6 and 7 and provides a seal between portions 21 circumference of tube 20 to fix the general shape of the 

and 22 to interlock these portions without wasted metal tube during the cutting operation. Cutting mechanism 

and without the use of additional fasteners. 51 is driven in the direction of arrow 44 to cut the slits 

As illustrated particularly in FIG. 7, it is preferred 45 in their respective portions 21. and 22 as heretofore 

that slits 23 and 24 be slightly longer in length than slits described. Tube 20 is then fed to the next section 

27 and 28 so that legs 29 and 30 can be easily assem- wherein portions 21 and 22 arc overlapped as illus- 

bled to slits 23 and 24. trated particularly in FIG. 12. In this section, a spacer 

FIGS. 8 and 9 illustrate the cutting mechanism for bar S3 is provided with opposite legs 54 and 55 so that 
forming the slits in portions 21 and 22 of lube 20. As il- 50 the edge of portion 22 may be received against leg 55 

lustrated in FIGS. 8 and 9, a cutting wheel 40 is jour^ and the edge of portion 21 may be received against leg 

naled to housing 41 to rotate about axis 42. Gear 43 is 54 in an overlapping relation. Rollers 56 are provided 

mounted to cutting wheel 40 and is adapted to be about the periphery of tube 20 so as to slightly reduce 

driven by suitable drive means (not shown) so as to the diameter of tube 20 to form the overlapping rela- 

rotate the cutting wheel 40 about axis 42 in the tionship between portions 22 and 21. 

direction of arrow 44. A plurality of first cutting heads Tube 20 continues to move in the direction of arrow 

45 are mounted to cutting wheel 40 and are so sized as 57 past the downstream terminal end of spacer bar 53 

to form the slits 23 and 24 and legs 25 and 26 in portion to a third region where the overlapping portions 21 and ' 

21 (see FIG. 2). As shown in FIG. 9, cutting heads 45 22 are mated to assume the position illustrated in F IG 

are substantially U-shaped, having thin cutting edges at 4 so that legs 29 and 30 are received in slits 23 and347 

the extremities of the legs of the U to cut the extreme Rollers 58 are provided about the periphery of tube 20 

edges of slits 23 and 24. Likewise, cutting heads 46 are to hold tube 20 in its intended shape and to assure 

attached to wheel 40 and are so sized as to form slits 27 proper, matching of legs 29 and 30 within slits 23 and 

and 28 and the associated legs 29 and 30 in portion 22 24. Pressure rollers 59 and 60 are applied to the o n. 

of the sheet. Cutting heads 46 are substantially trough- posite surfaces of the assemb lage of portions 21 and 22 

shaped having their cutting edges at the extremities of so as to crimp t he legs to form t he loint as {lIust Titgd^ 

the trough to cut the extreme edges of slits 27 and 28. FIGS; 5-7. A ls o, the regions nf pnrrinn Jt ..h ^7 
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between the slits are pressed together by the rollers to 1. Apparatus for joining together two sheet metal 

complete the Huid tight seam. Preferably, roller 59 is portions comprising: first means for forming a first slit 

journaled to housing 41 and is provided with a serrated in a first of said sheet metal portions arid for forming a 

or knurled edge. Roller 60 may be attached to a hous* first leg from the excess metal from said first slit, which 

mg 6 1 which extends along the length of tube 20 and is 5 leg protrudes from one surface of said first sheet metal 

likewise mounted to housing 41/ Pressure rollers 59 portion; second means for forming a second slit in a 

and 60 bear against the joint to crimp the legs as second of said sheet metal portions and for forming a 

heretofore described, thereby forming the completed second leg from the excess metal from said second slit, 

jomt illustrated in FIGS. 5-7. The completed tube 20 : which leg protrudes from one surface of said second 

proceeds forwardly toward the right hand portion of 10 sheet metal portion; positioning means for positioning 

said first and second sheet metal portions so that said 
One feature of the present invention resides in the one surface of said second sheet metal portion is con- 
fact that the seam provided by the joint in accordance tiguous to a surface opposite said one surface of said 
with the present invention is substantially free from first sheet metal means and so said second leg extends 
fluid leaks. In one example, a continuous seam for fiir- through said first slit; and crimping means for crimping 
nace pipe was formed having slit joints formed in ac- said first and second legs to sandwich said second leg 
cordance with the present invention having a length of between said first leg and a portion of said one surface 
approximately 5/16 inch, and spaced along the seam of of said first sheet metol portion, said first and second 
the joined ends of the furnace pipe so that a % inch sheet metal portions comprising opposite edge portions 
space appeared between each joint. The rigid mechani- of a metal sheet, said metal sheet being rolled to form a 
cal connection formed by the contiguous metal por- tube, whereby said apparatus forms a seam between 
tions of the joint in accordance with the present inven- said first and second sheet metal portions to complete 
tion provided a substantially fluid sealing seam for the said tube. 

furnace pipe. Another feature of the present invention 2. Apparatus according to claim 1 wherein said 

resides in the fact that the method and apparatus for crimping means further sandwiches a portion of said 

forming joints in accordance with the present invention first sheet metal portion between said second leg and a 

is capable of forming seams or joints between sheet portion of said one surface of said second sheet metal 

metal portions of various thicknesses. For example, portion. 

seams formed in accordance with the present invention 30 3. Apparatus according to claim 1 wherein said first 

have been formed for relatively thick sheet metal por- means comprises first cutter means for cutting said first 

tions as well as for sheet metal of relatively thin stock. sheet metal portion and for bending said first leg from 

Heretofore, it has not been feasible to fasten relatively the plane of said first sheet metal portion to form said 

light sheet metal, such as metal having a thickness of first slit, and said second means comprises second 

about 0.020 inch, by any method other than by welding 35 cutter means for cutting said second sheet metal por- 

or soldering the seam. Particularly, it has not been tion and for bending said second leg from the plane of 

feasible to form seams for fastening thin stock tin plate said second sheet metal portion to form said second 

having a thickness of 0.020 inch by crimping, rolling or slit. 

even riveting. With the present invention, it is now . 4. Apparatus according to claim 3 wherein said first 
possible to utilize the same type of seam for various 40 cutter means includes a first pair of cutter blades ar- 

thicknesses of sheet, metal, including metal that has ranged in substantially parallel relation to form a pair 

previously only been fastened by welding. of said first legs and slits, said first pair of cutter blades 

The apparatus according to the present invention being so disposed and arranged as to ^orm said first pair 

provides a continuous operation for forming seams to of legs between the individual ones of said first pair of 
hold together sheet metal portions. Although the 45 slits, and said second cutter means includes a second 

present invention has been described in connection pair of cutter blades arranged in substantially parallel 

with the construction of tubular members, it is to be un- relation to form a pair of said second legs and slits, said 

dcrstood that the invention is equally applicable to second pair of cutter blades being so disposed arid ar- 

forming a joint or seam between two flat members ranged as to form said second pair of legs between the 
merely by positioning them in the respective cutting 50 individual ones of said second pair or slits, in which said 

wheels and forwarding the plates having the slits positioning means positions said first and second sheet 

formed by the cutting wheels into the roller mechanism metal portions so that the individual ones of said 

to crimp the joined sheeu in the manner herein second pair of legs extend through individual ones of 

described. said first pair of slits, and in which the members of the 

The apparatus according to the present invention " pairs of legs and slits extend along a pair of parallel"- 

forming a seam or a joint requires little maintenance tracks.*' 

and can be operated in a continuous operation with the 5. Apparatus according to claim 4 wherein said first 

present invention so that salvage and clean up opera- cutter means includes a first cutting wheel supporting a 

tions are minimized. Nor are additioiial fasteners such plurality of said first pairs of cutting blades and said 

as rivets, utilized to complete the joint, thereby realiz- second cutter means includes a second cutting wheel 

ing a savings in the fabrication of the joint. supporting a plurality of said second pairs of cutting 

This invention is not to be limited by the embodi- blades, drive means for rotating said first and second 

ments shown in the drawings and described in the cutting wheels and for moving said first and second 

description, which are given by way of example and not sheet metal portions to form a plurality of pairs of first 

of limitation, but only in accordance with the scope of and second slits and legs in the respective first and 

the appended claims. second sheet metal portions, said positioning means 

' positioning said plurality of pairs of first and second 
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slits so that each of said second pairs of legs extend 
through respective ones of said first pairs of slits, said 
crimping means crimping said first and second, pairs of 
legs to sandwich each of said second pairs of legs 
between respective ones of said first pairs of legs and a 5 
respective portion of said one. surface of said first sheet 
metal portion to thereby form a seam joining. together 
said first and second sheet metal portions. 

6. Apparatus according to claim 5 wherein said 
crimping means further sandwiches a respective pot- 10 
tion of said first sheet metal portion between the in- 
dividual ones of said second pairs of legs and a respec- 
tive portion of said one; surface of said second sheet 
metal portion. 

7. Apparatus for joining together two sheet metal 15 
portions comprising: first means for forming a first slit 

in a first of said sheet metal portions and for forming a 
first leg from the excess metal from said first slit, which 
leg protrudes from one surface of said first sheet metal 
portion; second means for forming a second slit in a 20 
second of said sheet metal portions and for forming a 
second leg from the excess metal from said second slit, 
which leg protrudes from one surface of said second 
sheet metal portion, said first means, comprising first 
cutter means for cutting said first sheet metal, portion 25 
and for bending said first leg from the. plane of said first 
sheet metal portion to form said first slit, and said 
second means . comprises second cutter means for 
cutting said second sheet metal portion and for bending 
said second leg from the plane of said second sheet 30 
metal portion to form said second slit, said first cutter 
means including a first pair of cutter blades arranged in 
substantially parallel relation to form a pair of said first 
legs and slits, said first pair of cutter blades being so 
disposed and arranged as to form said first pair of legs 3S 
between the individual ones of said first pair of slits, 
and said second cutter means including a second pair of 
cutter blades arranged in substantially parallel relation 
to form a pair of said second legs and slits^ said second 
pair of cutter blades being so disposed and arranged as 40 
to form said second pair of legs between the individual 
ones of said second pair of slits, the members of the 
pairs of legs and slits extending along a pair of parallel 
tracks; positioning means for positioning said first and 
second sheet metal portions so that said one surface of 45 
said second sheet metal portion is contiguous to a sur- 
face opposite said one surface of said first sheet metal 



means and so that the individual ones of said second 
pair of legs extend through individual ones of said first 
pair of slits; and crimping means for crimping said first 
and second leg to sandwich said second leg between 
said first leg and a portion of said one surface of said 
first sheet metal portion, said crimping means further 
sandwiching a portion of said first sheet metal portion 
between said second leg and a portion of said one sur- 
face of said second sheet metal portion. 

8. Apparatus according to claim 7 wherein said first 
and second sheet metal portions are opposite edge por- 
tions of a metal sheet, said metal sheet being rolled to 
form a tube, whereby said apparatus forms a seam 
between said first and second sheet metal portions to 
complete said tube. 

9. Apparatus according to claim 7 in which the pairs 
of cutter blades are in substantially side-by-side rela- 
tionship; 

10. Apparatus according to claim 9 wherein said first 
cutter means includes a first cutting wheel supporting a 
plurality of said first pairs of cutting blades and said 
second cutter means includes a second cutting wheel 
supporting a plurality of said second pairs of cutting 
blades, drive means for rotating said first and second 
cutting wheels and for moving said first and second 
sheet metal portions to form a plurality of pairs of first 
and second slits and legs in the respective first and 
second sheet metal portions, said positioning means 
positioning said plurality of pairs of first and second 
slits so . that each of said second pairs of legs exteiid 
through respective ones of said first pairs of slits, said 
crimping means crimping said first and second pairs of 
legs to sandwich each, of said second pairs of legs 
between respective ones of said first pairs of legs and a . 
respective portion of said one surface of said first sheet 
metal portion to thereby form a seam joining together 
said first and second sheet metal portions. 

11.. Apparatus according to claim 7 wherein said 
crimping means further sandwiches a respective por- 
tion of said first sheet metal portion between the in- 
dividual ones of said second pairs of legs and a respec- 
tive portion of said one surface of said second sheet 
metal portion. 

12. Apparatus according to claim 4 in which the 
pairs of cutter blades are in substantially . side-by-side 
relationship. 



50 
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